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ABSTRACT 


The essential olls of leaves of. virgirziana tree vvere collected 
and analyzed as fresh vs. air dried and stored at ambient conditions (21? 
C) for up to 16 months before extraction. ANOVA of the 58 
components revcaled 4 significant and 19 highiy significant differences 
among the 8 sample sets, vvith the ma?or changes occurring betvveen 8 
and 16 months storage. PCO of the samples shovved the 16 mo. 
samples to be clearly clustered. In contrast to the previous $ mo. study 
(Adams, 2010), unexpected changes in the olls raise concems about 
mixing analyses of olls from fresh, recently dried and 16 mo. stored 
leaves of /zniperus for chemosystematic studies. Pöyto/ogia 93(1)51- 
62 (April 1, 2011). 


KEY VVORDS: //zriperus, oils from dried leaves, storage tests, 
chemosystematıcs. 


In a previous study (Adams, 2010), leaves of /Vvuriperus 
pinchotii Sudvv. and /. virginiana L. vvere air dried (as per specimens) 
and analyzed as fresh and stored (ambient lab conditions, 21” C) for up 
to 8 months before extraction. The leaf oils of both species proved to 
be remarkabİy stable. For 2. virgiriana, ANOVA of the 58 components 
revealed only 9 significant and 4 highly significant differences among 
the 7 sample sets. PCO of the samples shovved some clustering by 
length of storage, but vvith considerable intermixing of samples. 
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Achak et al. (2008, 2009) compared the leaf essential oils from 
fresh and air dried (22” C, 16 days) leaves of /, rAurifera L., 4. 
phoenicea L. and /. oxycedrus L. and found only small differences. 

The purpose of the present study 1s to report on changes in the 
composition of the steam distilled leaf oll of 2. virginiana from 
specimens stored for 16 months. 


MATERIALS AND METHODS 


Plant material - /. virginiana, Adams11768, cultivated, nvv corner of 
Gruver City Park, Hansford Co. TX, initial bulk collection: 23 Apr 
2009. Voucher specimen is deposited in the Herbarium, Baylor 
University (BAYLU). 


Isolation of oils - Fresh (100 g.) and air dried (10-15 g) leaves vvere 
steam distilled for 2 h using a circulatory Clevenger-type apparatus 
(Adams, 1991). The oll samples vvere concentrated (dtethyl ether trap 
removed) vvith nitrogen and the samples stored at -20” C until analyzed. 
The extracted leaves vvere oven dried (48h, 100? C) for the 
determination of oll yields. 


Analyses - The oills vvere analyzed on a HP5971 MSD mass 
spectrometer, scan time 1/ sec., directly coupled to a HP 5890 gas 
chromatograph, using a ./ 4£ VV DB-5, 0.26 mm x 30 m, 0.25 micron 
coating thickness, fused silica capillary column (see Adams, 2007 for 
operating details). Identifications vvere made by library searches of our 
volatile oil library (Adams, 2007), using the HP Chemstation library 
search routines, coupled vvith retention time data of authentic reference 
compounds. Qauantitation vvas by FID on an HP. 5890 gas 
chromatograph using a ./) £ VV DB-5, 0.26 mm x 30 m, 0.25 micron 
coating thickness, fused silica capillary column using the HP 
Chemstation softvvare. For the comparison of oils obtained from leaves 
stored for various periods, associational measures vvere computed using 
absolute compound value differences (Manhattan metric), divided by 
the maximum observed value for that compound over all taxa (” Govver 
metric, Govver, 1971, Adams, 1975). Principal coordinate analysis vvas 
performed by factoring the associational matrix based on the 
formulation of Govver (1966) and Veldman (1967). Principle 
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Components Analysis (PCA) as formulated by Veldman (1967) vvas 
performed to examine correlations betvveen components. 


RESULTS AND DISCUSSION 


Table 1 shovvs the composition of the leaf oil of /. virgiziana 
and a comparison of components over the 16 month storage period. 
Perhaps most non-intuitive is that the percent oil yteld did not decline 
(significantly) throughout the 16 month study (Table 1). Tt vvould seem 
that the loss of volatıles from dry leaves over such a pertod vvould be 
significant. Shanlani et al. (2010) reported that o-pinene (the mayor and 
most volatile component) declined from 23.9 to 14.2976 vvhen the foliage 
Of /. excelsa vvas air dried. Achak et al. (2008) found oil yields to be 
greater from fresh than air dried leaves from 2 populations of // 
thurifera var. africana, but vvith a lovver yteld in another population. 
Later, Achak et al. (2009) reported lovver oll ytelds in drted leaves of /. 
thurifera var. africana and VZ. oxycedrus, but a much higher yıeld from 
drted leaves of /. p/oenicea. 


The compounds (as percent total oll) are remarkably stable 
during the drying and storage tests for the first 8 months but there are 
mayor changes betvveen 8 and 16 months storage tests. In the tests up to 
$ months storage, only 9 compounds significantly differed, and only 4 
compounds differed highly significantly (Adams, 2010). Hovvever, 
distillation of leaves stored for 16 months revealed 4 significant and 19 
highly significant differences (Table 1). Several compounds had mafior 
declines in concentration from $ to 16 month: sabinene (17.6, 13.3), 
İlmonene (14.6, 11.7), B-phellandrene (9.7, 8.0) and germacrene D-4-ol 
(3.8, 3.4). In contrast, several compounds increased: safrole (9.9, 11.1), 
methyl eugenol (2.2, 2.5), elemol (5.8, 8.8) and 8-a-acetoxyelemol 
(10.7, 12.4). Figure 1A shovvs the mafor compounds that declined. 
Notice that sabinene, limonene, and BÖ-phellandrene shovv similar 
patterns. Pregeiyerene B shovvs a gradual decline from 1 month to 16 
months. 


The patterns for 4 of the mayor components that increased 
during the study are shovvn in figure 1B. Safrole and methyl eugenol 
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(both from the phenyl propanoid pathvvay) shovv similar patterns along 
vvith elemol. Hovvever, 8-o-acetoxyelemol (dashed line, Fig. 1B) 
increased from fresh to vveek 1, then declined, then increased to 2 
month, then declined and finally increased in the final, 16 month, 
sample. 


— sabinene 
— limonene 
— — - b-phellandrene 
---- pregelyerene B 


fresh 1vk 2vk 1mo 2mo 4mo 8mo 16 


— safrole 


— methyi eugenol 
--- -elemol 
——. 8-acetoxyelemol 


Figure 1. A (upper) Changes in concentration (76 total oll) for four 
mayor components that declined during leaf storage. B (lovver) Changes 
in concentration (?o total oil) for four mayor components that increased 
during leaf storage. 
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The leaf essential oils in /zriperus are stored in leaf glands. 
In /. virginiana, the leaf glands are generally not ruptured and often 
sunken beneath the vvaxy cuticle. So volatilization in this instance 
seems to be minimized by the intact glands and vvaxy cuticle. 


To estimate the impact of the utilization of olls from fresh 
versus dried and stored İeaves, principal coordinates analysis (PCO) 
vvas performed. The PCO (figure 2) shovvs the mafor trend is for the 
separation of the 16 months samples on axis 1 (2176 of the variance 
among samples). 


öv 2(996) PCO, 30 terpenes 
El ... Fresh to 16 mos. 


A 2 vvks. 
69 1 mo. 
IM 2 mos. 
Ak 4 mos. 
əl 8 mos. 
ök 16 mos. 


1(2190) 


3(996) 


Figure 1. PCO of 8 sample sets ranging from fresh to storage for 16 
months at ambient herbarium conditions (air conditioned, 219”C). 
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Examination of the correlation betvveen components vvas 
performed by PCA. Factoring the correlation matrix resulted in 
eigenroots that appeared to asymptote after 5 eigenroots. These 
accounted for 44.2, 11.3, 9.39, 6.64 and 6.4576 of the variance among 
the components. PCA shovvs correlation patterns among various 
classes of terpenoids and phenolic compounds (Fig. 2). Tn general, the 


PCA, axes 1,2 - 
q-terpenene ə 
y-terpenene 
8-phelladrene M. 
a “ə ı safrole 
a-pinene -— 

: 990 M ö-cadinene 
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enir y-cadinene 


elemol 
terpinolene ə 
myrcene sə is-sabi hydrat 
- cis-sabinene hydrate 7, yield 
0 
methyl M ağ 
eugenol terpinen-4-ol 


b-eudesmol 


3-carene sa 


İlmonene 
A, pregeilerene B 
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— 
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4-epiabietal Ü7 —k o-cadinol 
(C20-Ac) o-eudesmol — 


“a - C10 hydrocarbons 

“b -C10 alodüdi ök bülnesol 
Q sz C15 hydrocarbons ” 

Öç z C15 alalibis elemicin Ii 

D? - C20 aldehydes 
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69 - acetates 

A, 


z C12 hydrocarbons 8-cr-acetoxyelemol 
germacrene D9-4-ol 66 (C15-Ac) 
—k 


PCA 1 (44.296) 


Figure 2. PCA of 39 components from /. virginiana samples stored 
from fresh to 16 months. 


hydrocarbons are correlated (upper left, Fig. 2) and the sesquiterpene 
alcohols are clustered (middle right, Fig. 2). The phenolics (safrole, 
elemicin, methyl eugenol), from the phenyl propanoid pathvvay, are 
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somevvhat scattered (Fig. 2). It appears that axis one is also separating 
components that increased (phenolics, sesquiterpene alcohols) from 
those that deceased (terpene hydrocarbons) during the 16 month study. 
It should be noted that only the first 2 axes are displayed, so separation 
of variables on the 3rd and succeeding axes is not accounted for in 
figure 2. 


CONCLUSIONS 


In this study, ANOVA revcaled 4 significant and 19 highly 
significant differences among the $ sample sets, vvith the mafor changes 
occurring betvveen 8 and 16 months storage. PCO of the samples 
shovved the 16 mo. samples to be clearly clustered. Tn contrast to the 
previous $ mo. study (Adams, 2010), unexpected changes 1n the olls 
ralse concerns about mixing analyses of olls from fresh, recently dried 
and 16 mo. stored leaves of /u//iperus for chemosystematic studies. If 
such studies vvere conducted among spectes vvith large differences in 
the essential oil compositfons, the utilization of olls from both fresh and 
air dried leaves migüt still be valid. Hovvever, the present study raises 
concerns about the unexpected changes betvveen 8 and 16 months of 
herbarium storage. İt may be difficult to predict the stability of leaf 
essenttal olls in specimens over long pertods of storage. 
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